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and inhibits a brake damage 1n a case where the brake is
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scribed problem-to-be-resolved, suppresses engine horse-
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increasing the cooling capacity of the brake cooling oil. The
rotation speed of the cooling fan 1s controlled to obtain the
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corresponding to a detected cooling o1l temperature and a

second target rotation speed corresponding to a detected
brake operation amount. The present invention is applicable
to a vehicle 1n which an engine power 1s distributed to a
travel power train and a hydraulic pump, drive wheels are
operated via the travel power train, and the cooling fan 1s
actuated via the hydraulic pump.
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1

CONTROL DEVICE FOR COOLING FAN
FOR VEHICLE

TECHNICAL FIELD

The present invention relates to a control device for a
cooling fan for a vehicle, and more particularly to a device
that controls the rotation speed of a hydraulically driven
cooling fan for cooling an oil-cooled retarder brake.

BACKGROUND ART

A dump truck 1s provided with a variety of brakes such as
a foot brake, a retarder brake, a parking brake, an exhaust
brake, and an emergency brake.

The front brake of a dump truck is constituted, for
example, by a caliper brake. Furthermore, the rear brake 1s
constituted by a wet multiplate brake and forcibly cooled by
o1l for cooling (cooling o1l). A brake cooling circuit of the
rear brake 1s so configured that the cooling o1l circulates
between the rear brake and the water-cooled o1l cooler. The
configuration 1s also such that cooling water of the o1l cooler
circulates between the o1l cooler and the radiator. Hydraulic
o1l 1s supplied from a hydraulic pump that 1s driven by an
engine to a hydraulic motor, and the rotation of the hydraulic
motor drives the hydraulically driven fan for cooling the
radiator.

The cooling o1l 1n the brake cooling circuit absorbs the
heat generated from the brake disk in the rear brake, and the
absorbed amount of heat 1s dissipated by heat exchange with
the cooling water 1n the water-cooled o1l cooler. The cooling
water 1s cooled 1n the radiator by a flow of air blown by the
hydraulically driven cooling fan, and the heat of the cooling
water 1s emitted into the atmosphere. Alternatively, this heat
1s directly dissipated into the atmosphere 1n an air-cooled o1l
cooler.

In the foot brake, the front brake and rear brake are
actuated 1n accordance with the depression of a pedal.

In the retarder brake, only the rear brake 1s actuated in
accordance with the operation of a retarder control lever.

Where the foot brake 1s continuously or repeatedly used
when a dump truck descends a long slope, while carrying a
heavy load, 1t 1s possible that the front brake will be
overheated, the friction coetlicient will be decreased, a fade
cllect will occur, and a brake efliciency will be degraded.
Theretfore, during downhill movement, the retarder brake 1s
applied by operating the retarder control lever. With the
retarder brake, braking 1s performed only with the rear brake
that 1s forcibly cooled by cooling oil, the heat generated by
the disk of the rear brake 1s absorbed by the cooling o1l, and
the occurrence of the fade eflect or the like 1s inhibited.

The capacity of the retarder 1s typically determined by the
cooling capacity of the cooling o1l that 1s forcibly circulated.
For this reason, the cooling capacity of the cooling o1l has
to be increased 1n order to increase the retarder capacity.

(Conventional Art 1 that has been Used)

In the conventional control of rotation speed of the
alorementioned hydraulically driven cooling fan that has
been heretofore performed 1 dump trucks, the cooling o1l
temperature and engine cooling water temperature are
detected by respective sensors installed on the vehicle, the
fan rotation speed 1s adjusted so that the rotation speed of the
hydraulically driven cooling fan increases as the detected
cooling o1l temperature and cooling water temperature rise,
the cooling capacity of the cooling o1l rises, and the cooling
o1l 1s prevented from overheating.
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The below-described patent documents relate to rotation
speed control of a hydraulically driven cooling fan 1n the
field of vehicles other than a dump truck, for example, a
hydraulic shovel and a bulldozer.

(Conventional Art 2 Disclosed 1in a Patent Document)

Patent Document 1 describes an invention according to
which 1 a configuration provided with an o1l cooler that
cools hydraulic o1l for driving a working machine and a
hydraulically driven cooling fan that cools the hydraulic o1l
that passes through the o1l cooler, the temperature of the
engine cooling water, temperature of the hydraulic o1l, and
rotation speed of the engine are detected by respective
sensors, and the rotation speed of the hydraulically driven

cooling fan 1s controlled correspondingly to the detected
values of the sensors.

(Conventional Art 3 Disclosed in a Patent Document)

Patent Document 2 describes an mvention according to
which 1 a configuration provided with an o1l cooler that
cools hydraulic o1l for drniving a working machine and a
hydraulically driven cooling fan that cools the hydraulic o1l
that passes through the o1l cooler, the temperature of the
engine cooling water, temperature of the hydraulic oil, and
temperature of an intake air are detected by respective
sensors, and the rotation speed of the hydraulically driven
cooling fan 1s controlled correspondingly to the detected
values of the sensors.

Patent Document 1: Japanese Patent Application Laid-
open No. 2001-182535

Patent Document 2: Japanese Patent Application Laid-
open No. 2000-110779

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

According to the conventional art 1, a retarder brake 1s
actually operated aifter the retarder control lever has been
operated, heat 1s generated in the rear brake, this heat i1s
transierred to the engine cooling water 1n the o1l cooler, the
cooling water temperature and cooling o1l temperature rise,
this rise 1n the cooling water temperature and cooling o1l
temperature 1s detected by sensors, and then the rotation
speed of the hydraulically driven cooling fan 1s increased. As
a result, there 1s a time lag between when the retarder control
lever 1s operated and when the rotation speed of the hydrau-
lically driven cooling fan actually rises and cooling capacity
actually increases. The resultant problem 1s that the cooling
o1l 1s overheated and rear brake may be damaged.

According to the conventional art 2 and conventional art
3, the cooling fan 1s used for cooling the hydraulic oil
serving to actuate a working machine such as a hydraulic
shovel and 1s not used for cooling the cooling o1l for cooling
the brakes, which 1s the object of the present invention.
Furthermore, because the control of the rotation speed of the
cooling fan 1s performed after the cooling water temperature
or the like has been detected by a sensor, a problem arises

that 1s similar to that associated with the above-described
conventional art 1.

The present mvention has been made with the foregoing
in view, and a problem to be resolved by the present
invention 1s to increase the cooling capacity of the brake
rapidly and prevent the brake from damaging in case the
brake 1s actuated during traveling.
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Means to Solve the Problems

A first aspect of the invention relates to

a control device for a cooling fan for a vehicle 1n which
cooling o1l supplied to an oil-cooled brake 1s cooled by the
cooling fan, including:

cooling o1l temperature detection means for detecting a
temperature of the cooling o1l;

first target rotation speed setting means for setting a first
target rotation speed of the cooling fan, the first target
rotation speed corresponding to the temperature of the
cooling o1l;

brake operation means for operating the brake;

brake operation amount detection means for detecting an
operation amount of the brake operation means;

second target rotation speed setting means for setting a
second target rotation speed of the cooling fan, the second
target rotation speed corresponding to the brake operation
amount; and

rotation speed control means for controlling the rotation
speed of the cooling fan so as to obtain the higher target
rotation speed of the first target rotation speed corresponding,
to the detected cooling o1l temperature and the second target
rotation speed corresponding to the detected brake operation
amount.

A second aspect of the mvention 1s the first aspect of the
invention

that 1s applied to a vehicle in which an engine power 1s
distributed to a travel power train and a hydraulic pump,
drive wheels are actuated via the travel power train, and the
cooling fan 1s actuated via the hydraulic pump.

A third aspect of the mvention 1s the first aspect of the
invention, wherein

vehicle stop detection means for detecting that the vehicle
has stopped 1s provided, and

the rotation speed of the cooling fan 1s controlled so as to
obtain the higher target rotation speed of the first target
rotation speed and the second target rotation speed, on
condition that the vehicle 1s not detected to have stopped.

A fourth aspect of the invention 1s the first aspect of the
invention, wherein

the o1l-cooled brake 1s a retarder brake.

A fifth aspect of the invention 1s the first aspect of the
invention wherein

a retarder brake and a foot brake are provided as the
o1l-cooled brake at the vehicle; and

the rotation speed of the cooling fan 1s controlled so as to
obtain the higher target rotation speed of the first target
rotation speed corresponding to the detected cooling oil
temperature and the second target rotation speed corre-
sponding to the detected brake operation amount.

A sixth aspect of the mvention 1s the first aspect of the
invention, wherein

the rotation speed control means controls the rotation
speed of the cooling fan so as to obtain the higher target
rotation speed of the first target rotation speed corresponding,
to the detected cooling o1l temperature and the second target
rotation speed corresponding to the detected brake operation
amount, on condition that the o1l-cooled brake 1s detected to
have been operated.

A seventh aspect of the invention 1s the fifth aspect of the
invention, wherein

the rotation speed control means controls the rotation
speed of the cooling fan so as to obtain the higher target
rotation speed of the first target rotation speed corresponding,
to the detected cooling o1l temperature and the second target
rotation speed corresponding to the detected brake operation
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4

amount, on condition that at least one of the retarder brake
and the foot brake has been operated.

An eighth aspect of the invention relates to a control
device for a cooling fan for a vehicle 1n which cooling o1l
supplied to an oil-cooled brake 1s cooled by the cooling fan,
including;

cooling o1l temperature detection means for detecting a
temperature of the cooling oil;

first target rotation speed setting means for setting a first
target rotation speed of the cooling fan, the first target
rotation speed corresponding to the temperature of the
cooling o1l;

inclination angle detection means for detecting a descent
gradient;

second target rotation speed setting means for setting a
second target rotation speed of the cooling fan, the second
target rotation speed corresponding to the descent gradient;
and

rotation speed control means for controlling the rotation
speed of the cooling fan so as to obtain the higher target
rotation speed of the first target rotation speed corresponding
to the detected cooling o1l temperature and the second target
rotation speed corresponding to the detected descent gradi-
ent.

A nminth aspect of the mvention 1s the first aspect of the
invention, wherein

an estimated o1l temperature rise width of a brake cooling
o1l temperature corresponding to the current operation
amount ol the brake is calculated, and the second target
rotation speed 1s set on the basis of the estimated o1l
temperature rise width.

A tenth aspect of the mvention i1s the first aspect of the
invention, wherein

a necessary fan rotation speed increase width of a rotation
speed of the cooling fan i1s calculated, the necessary fan
rotation speed corresponding to the current operation
amount of the brake, and the second target rotation speed 1s
set on the basis of the necessary fan rotation speed increase
width.

In the vehicle 1 according to the first aspect of the
invention, as shown i FIG. 3, the cooling o1l supplied to the
o1l-cooled brake 5 1s cooled directly by the cooling fan 32 or
with cooling water. As shown 1n FIG. 4, a temperature Tb of
the cooling o1l 1s detected by the cooling o1l temperature
detection means 32.

In the first target rotation speed setting means 61, as
shown 1n FIG. 5, the first target rotation speed N1 of the
cooling fan 32 that corresponds to the temperature Tb of the
cooling o1l 1s set. Where the oil-cooled brake 5 1s operated
by the brake operation means 14 as shown in FIG. 2, the
operation amount Sb of the brake operation means 14 1is
detected by the brake operation amount detection means 56,
as shown 1 FIG. 4. In the second target rotation speed
setting means 62, as shown in FIG. 35, the second target
rotation speed N2 of the cooling fan 32 that corresponds to
the brake operation amount Sb 1s set.

As shown 1n FIG. 6, the rotation speed control means 63
controls the rotation speed N of the cooling fan 32 so as to
obtain the higher target rotation speed of the first target
rotation speed N1 corresponding to the detected cooling o1l
temperature Tb and the second target rotation speed N2
corresponding to the detected brake operation amount Sb
(step 104, see FIG. 5). According to the sixth aspect of the
invention, the rotation speed N of the cooling fan 32 is
controlled 1n the same manner (step 104) on condition that
the oil-cooled brake 5 1s detected to have been operated
(determination YES 1n step 101). As a result, 1n a case where
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the oil-cooled brake 5 1s operated by the brake operation
means 14 and the second target rotation speed N2 corre-
sponding to the brake operation amount Sb of the o1l-cooled
brake exceeds the first target rotation speed N1 correspond-
ing to the detected cooling o1l temperature Tb, it 1s deter-
mined that the brake cooling capacity has to be increased
because the cooling o1l temperature will rise, and the rota-
tion speed N of the hydraulically driven cooling fan 32 1s
regulated to the second target rotation speed N2 correspond-
ing to the brake operation amount Sb. By contrast, even
when the oi1l-cooled brake 5 has been operated by the brake
operation means 14, 1f the second target rotation speed N2
corresponding to the brake operation amount Sb of the
retarder control brake 1s below the first target rotation speed
N1 corresponding to the detected cooling o1l temperature
Tb, 1t 1s determined that the cooling o1l temperature has
already risen and the brake capacity has sufliciently
increased, and the rotation speed N of the cooling fan 32 i1s
regulated to the first target rotation speed N1 corresponding
to the present detected cooling o1l temperature Th.

According to the present invention, for example, at a point
of time when the retarder control lever (brake operation
means 14) 1s operated, 1t 1s determined that the brake cooling,
capacity has to be increased. Then, the brake cooling capac-
ity can be increased 1n advance before the brake cooling o1l
temperature Tb actually rises. Therelore, there 1s practically
no time lag between the operation of the retarder control
lever 14 and the actual increase 1n the rotation speed of the
hydraulically driven cooling fan 32 that results in the
increase 1 cooling capacity. As a result, a short time elapses
before the maximum retarder capacity 1s brought out, an
event 1 which the cooling o1l 1s overheated before the
maximum retarder capacity 1s demonstrated can be avoided,
and an event in which the oi1l-cooled rear brake 5 1s damaged
can be avoided.

Furthermore, because the brake cooling efliciency 1s
increased, 1t 1s possible to reduce the capacity of o1l cooler
30 and hydraulic pump 42 that constitute the brake cooling
circuit, as shown 1n FIG. 3. As a result, a compact brake
cooling circuit can be designed and the degree of freedom 1n
designing the layout of the brake cooling circuit 1s increased.

According to the second aspect of the present invention,
the above-described first aspect of the invention 1s applied to
the vehicle 1 1n which the power of engine 2 1s distributed,
as shown 1n FIG. 1, to the travel power line 3 and hydraulic
pump 40 (41, 42, 43), drive wheels 12 are actuated via the
travel power train 3, and the cooling fan 32 1s actuated via
the hydraulic pump 40 (43).

For example, the retarder brake 1s almost exclusively
actuated during downhill movement or deceleration of the
vehicle 1 such as a dump truck. During downhill movement
or deceleration, a drive torque 1s mputted from the drive
wheels 12 to the engine 2 via the travel power train 3 and the
engine 2 1s driven. Therefore, the energy for raising the
rotation speed N of the cooling fan 32 to the second target
rotation speed N2 1s obtained from the energy mputted from
the drive wheels 12. As a result, energy efliciency can be
increased and fuel consumption i1s not aflected despite the
increase in cooling capacity of the brake and increase 1n
retarder capacity.

According to the third aspect of the present invention, as
shown 1n FIG. 4, the vehicle stop detection means 33 for
detecting that the vehicle 1 has stopped 1s provided, and the
rotation speed N of the cooling fan 32 1s controlled (step 104
in FIG. 6; control during brake operation) so as to obtain the
higher target rotation speed of the first target rotation speed
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N1 and second target rotation speed N2 on condition that the
vehicle 1 1s not detected to have stopped (determination NO
in step 102 1 FIG. 6).

A state 1n which the oil-cooled rear brake 3 1s overheated
and cooling capacity has to be increased 1s almost always
realized when the vehicle 1 travels, while the rear brake 5 1s
actuated. For example, even in a case where the brake
operation amount Sb 1s large, 1f the vehicle 1 1s stopped, the
oil-cooled rear brake 5 will not overheat and no need to
increase cooling capacity. Furthermore, the operator some-
times operates the brake control means 14 (retarder control
lever 14), while the vehicle 1 1s stopped. Conversely, where
the control 1s performed 1in this state so as to increase the
rotation speed N of the cooling fan 32 to the second target
rotation speed N2, the cooling fan 32 1s unnecessarily driven
and fuel consumption is 1ncreased.

According to the third aspect of the present invention,
even 1f the brake has been operated (determination YES 1n
step 101 1n FIG. 6), 1f the vehicle 1 1s stopped (determination
YES in step 102 1n FIG. 6), the normal control 1s performed
(step 103), and the rotation speed of the cooling fan 32 1s not
controlled so as to obtain the higher target rotation speed N
of the first target rotation speed N1 and second target
rotation speed N2 (step 104). Therefore, the cooling fan 32
1s not driven unnecessarily and loss in horsepower of the
engine 2 and loss of energy can be inhibited.

According to the fourth aspect of the present invention,
the above-described first aspect 1s applied under an assump-
tion that the oil-cooled brake 5 1s a retarder brake.

According to the fifth aspect of the present invention, the
vehicle 1 1s assumed to be provided with a retarder brake and
a foot brake as the oil-cooled brake 5. Furthermore, the
rotation speed N of the cooling fan 32 1s controlled so as to
obtain the higher target rotation speed N of the first target
rotation speed N1 corresponding to the detected cooling o1l
temperature Tb and the second target rotation speed N2
corresponding to the detected brake operation amount Sb,
Sb'. According to the seventh aspect of the present invention,
the rotation speed N of the cooling fan 32 1s similarly
controlled on condition that at least either of the retarder
brake or the foot brake has been operated.

For example, in a case of a dump truck, the oil-cooled
brake 1s a rear brake 5. When the retarder brake 1s actuated,
the rear brake 5 1s actuated, while, when the foot brake 1s
actuated, the front brake 13 and rear brake 5 are actuated. In
other words, where at least either of the retarder brake or
foot brake 1s operated, the oil-cooled brake (rear brake 3) 1s
operated. Where the control similar to that of the first aspect
of the present invention 1s carried out in this state, the brake
cooling capacity of the oil-cooled brake 35 can be rapidly
increased, without a time lag after the brake operation, 1n the
same manner as 1n the first aspect of the present invention.

According to the first aspect of the present invention, it 1s
determined that the brake cooling capacity has to be
increased on the basis of operation of the brake operation
means 14 (retarder control lever 14).

However, in accordance with the present invention,
instead of detecting that the brake has been actually oper-
ated, 1t 1s also possible to assume that “the brake has been
operated” by detecting a state in which the brake operation
1s necessary, namely, a downhill movement, and perform the
control during brake operation.

According to the eighth aspect of the present invention, an
inclination angle detection means for detecting a descent
gradient 0 (an inclination angle of the vehicle or an incli-
nation angle of the road) 1s used istead of the “brake
operation amount detection means 56 of the first aspect.
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Furthermore, according to the eighth aspect of the present
invention, the second target rotation speed N2 correspond-

ing to the descent gradient 0 1s set mnstead of the second
target rotation speed N2 corresponding to brake operation
amount Sb 1n the first aspect of the invention. The brake 1s
assumed to be operated by a larger operation amount as the
descent gradient O increases. Accordingly a larger value of
the second target rotation speed N2 1s set.

According to the ninth aspect of the present invention, as
shown 1n FIG. 11, an estimated o1l temperature rise width
ATb of a brake cooling o1l temperature Th corresponding to
the present brake operation amount Sb 1s found and the
second target rotation speed N2 1s set on the basis of the
estimated o1l temperature rise width ATb.

According to the tenth aspect of the present invention, as
shown 1 FIG. 12, a necessary fan rotation speed increase
width AN of the rotation speed N of the hydraulically driven
cooling fan 32 that corresponds to the present brake opera-
tion amount Sb 1s obtained and the second target rotation
speed N2 1s set on the basis of the necessary fan rotation
speed increase width AN.

BEST MODE FOR CARRYING OUT TH.
INVENTION

(L.

Embodiments of the control device for a cooling fan for
a vehicle according to the present invention will be
described below with reference to the appended drawings. In
the embodiments, a dump trunk will be assumed as the
vehicle.

FIG. 1 1s a block diagram illustrating the configuration of
a travel power train 3 of a vehicle 1 of the embodiments. The
configuration of the dump truck 1 1s shown with respect to
the components relating to the present invention.

As shown 1n FIG. 1, in the vehicle 1, power of an engine
2 1s distributed to the travel power train 3 and hydraulic
pumps 40 (41, 42, 43 . . . ). Dnive wheels 12 are driven via
the travel power train 3, and as will be described below,
hydraulic o1l 1s supplied to a steering mechanism and a hoist
mechanism (not shown in the figure) via the hydraulic
pumps 40 and cooling o1l 1s supplied to the below-described
rear brake.

An output shait 6 of the engine 2 of the vehicle 1 1s linked
to a PTO 7. The PTO 7 1s linked to a torque converter 8 and
also linked to the hydraulic pumps 40.

A portion of the output of the engine 2 1s transmitted to
rear wheels 12 that are drive wheels via the PTO 7, the
torque converter 8, a transmission 9, a reducing mechanism
(differential gear) 10, and an axle (rear axle) 11. Further-
more, the remaining output of the engine 2 1s transmitted via
the PTO 7 to the hydraulic pumps 40. Shifting of the
transmission 9 1s performed based on a control signal
outputted from a shifting controller 161. The controller 161
inputs an operation signal of a shift lever 28 and generates
and outputs a control signal to the transmission 9. The shiit
lever 28 1s provided with shiit lever positions such as “Nt
(neutral position; neutral)”, “R (rearward position)”, and “ID
(drive; automatic shift from the lowest speed state to the
highest speed stage)”. When the vehicle 1 1s stopped, the
shift lever 28 1s operated to the neutral position “Nt”.

FIG. 2 1s a hydraulic circuit diagram illustrating the
configuration of the brake control circuit of the vehicle 1 of
the embodiments. The configuration of the dump truck 1 1s
shown with respect to the components relating to the present
invention.

The dump truck 1 1s provided with a variety of brakes
such as a foot brake, a retarder brake, a parking brake, an
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exhaust brake, and an emergency brake. FIG. 2 shows only
the configuration of the foot brake, retarder brake, and
parking brake that relate to the present invention; the con-
figuration of other brakes 1s omitted.

A front brake 13 of the dump truck 1 is constituted, for
example, by a caliper disk. Furthermore, a rear brake 35 1s
constituted by a wet multiplate disk. The front brake 13 and
rear brake 5 are hydraulic brakes that are actuated and
released by the hydraulic o1l.

The foot brake actuates the front brake 13 and rear brake
5 1n response to the operation of a pedal 4. When the foot
brake operates, a brake piston 135 of a caliper 13a of the
front brake 13 operates to apply pressure to a front brake
disk 13c¢, and a brake piston 23a of a slack adjuster 23 of the
rear brake 3 operates to apply pressure to a rear brake disk
5a, whereby the foot brake 1s operated.

The retarder brake actuates the rear brake 5 in response to
the operation of a retarder control lever 14. When the
retarder brake operates, the brake piston 23a of the slack
adjuster 23 of the rear brake 5 operates to apply pressure to
the rear brake disk 5a.

The parking brake actuates only the rear brake 5 1n
response to the operation of a parking switch 20. When the
parking brake operates, a brake piston 25a of a cylinder
chamber 23 of the rear brake 5 operates to apply pressure to
the rear brake disk 5a.

The hydraulic pump 41 for brake actuation acts as a
hydraulic o1l supply source and supplies brake hydraulic o1l
to the front brake 13 and rear brake 5.

A foot brake operation valve 15 1s constituted by a front
wheel operation valve 16 and a rear wheel operation valve
17, and the valve position changes to open positions 164,
17a, respectively, 1n response to a step-on operation of the
pedal 4.

Where the pedal 4 1s stepped on, the front wheel operation
valve 16 operates to the open position 164, and pressurized
o1l discharged from the hydraulic pump 41 for brake actua-
tion and accumulated 1n accumulators 27, 18 1s supplied via
the front wheel operation valve 16 to the front brake 13. As
a result, the brake piston 135 of the caliper 13a of the front
brake 13 operates to apply pressure to the front brake disk
13¢, and the front wheels 21 of the vehicle 1 are braked.
Furthermore, where the pedal 4 1s stepped on, the rear wheel
operation valve 17 operates to the open position 17a, and
pressurized o1l discharged from the hydraulic pump 41 for
brake actuation and accumulated 1n accumulators 27, 22 1s
supplied via the rear wheel operation valve 17 and a shuttle
valve 36 to the slack adjuster 23. Where the hydraulic o1l 1s
supplied to the slack adjuster 23, the brake piston 23a of the
slack adjuster 23 of the rear brake 5 operates to apply
pressure to the brake disk 5a and the rear wheels 12 of the
vehicle 1 are braked. In the slack adjuster 23, the brake
piston 23a operates so as to obtain a constant stroke of the
brake piston 23a.

Where the parking switch 20 1s operated, an operation
valve 24 for parking 1s actuated to a return position 24a, and
the hydraulic o1l located 1n a cylinder chamber 25 of the rear
brake S returns via the operation valve 24 for parking to a
tank 26. As a result, a spring 255 located inside the cylinder
chamber 25 1s biased to an extension side, the brake piston
235a operates to apply pressure to the rear brake disk 5a, and
the rear wheels 12 are braked. When the parking switch 20
1s not operated, the operation valve 24 for parking operates
to a supply position 24b, and the hydraulic o1l discharged
from the hydraulic pump 41 for brake actuation 1s supplied
to the cylinder chamber 25 of the rear brake 5 via the
accumulator 27 and operation valve 24 for parking. As a
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result, the spring 255 located inside the cylinder chamber 25
1s biased to a contracted side, the brake piston 25a operates
to withdraw from the rear brake disk 5a, and the rear wheels
12 are released from the rear brake 5.

Where the retarder control lever 14 1s operated, an electric
signal corresponding to the brake operation amount Sb
thereol 1s applied to an electromagnetic proportional pres-
sure reducing valve 35 for a retarder, the valve 1s actuated to
an open position 1 which the spring 354 1s contracted, and
the pressurized o1l discharged from the hydraulic valve 41
for brake actuation and accumulated 1n the accumulator 27
1s supplied to the slack adjuster 23 via the electromagnetic
proportional pressure reducing valve 35 for a retarder and
shuttle valve 36. Where the hydraulic o1l 1s supplied to the
slack adjuster 23, the brake piston 23a of the slack adjuster
23 of the rear brake 5 operates to apply pressure to the rear
brake disk 5a and the rear wheels 12 of the vehicle 1 are
braked.

FIG. 3 1s a hydraulic circuit diagram illustrating the
components of the cooling circuit of the rear brake 5 that
relate to the present invention.

As shown 1 FIG. 3, the hydraulic o1l 1s supplied to the
rear brake disk 5a of the rear brake 5 and an o1l cooler 30
by using a hydraulic pump 42 for cooling as a cooling o1l
supply source.

Thus, the hydraulic pump 42 for cooling discharges an o1l
for cooling (cooling o1l). The cooling o1l 1s supplied to the
rear brake disk Sa of the rear brake 5, caused to pass around
the rear brake disk 5a, and then supplied to the o1l cooler 30.
The cooling o1l that has passed through the o1l cooler 30 1s
returned to a tank 31. The cooling o1l located 1n the tank 31
1s sucked 1n by the hydraulic pump 42 for cooling, and the
cooling o1l then circulates 1n a stmilar manner in a rear brake
cooling circuit that includes the rear brake 35 and o1l cooler
30.

The o1l cooler 30 1s a water-cooled o1l cooler specifically
designed for brake cooling. The o1l cooler 1s installed 1n a
lower tank of the radiator 19. The cooling o1l that passes
through the o1l cooler 30 1s cooled by the cooling water of
the engine 2. Thus, the cooling water of the engine 2 1s
cooled, while passing through a cooling water passage of the
radiator 19, then, in the lower tank of the radiator 19, passes
through the cooling water passage of the oil cooler 30, and
cools the cooling o1l that 1s passing through the o1l cooler 30.

A hydraulically driven cooling fan 32 1s disposed opposite
the radiator 19.

Where the cooling o1l located 1n the brake cooling circuit
1s supplied to the rear brake 5, the heat generated by the rear
brake disk 5a of the rear brake 5 1s absorbed by the cooling
o1l. The cooling o1l that has absorbed the heat 1s supplied to
the o1l cooler 30. The engine cooling water 1s supplied to the
cooling water path of the oil cooler 30, heat exchange is
carried out between the cooling water and cooling o1l, and
the heat of the cooling o1l 1s dissipated. The heat of the
cooling water 1s d1381pated by heat exchange between the
radiator 19 and the air blown by the hydraulically driven
cooling fan 32.

FIG. 4 shows a configuration example of a device for
drive controlling the hydraulically driven cooling fan 32.

In the drive control device, the hydraulically driven
cooling fan 32 1s driven by using a variable-displacement
hydraulic pump 43 for fan driving as a drive source.

Thus, the variable-displacement hydraulic pump 43 for
fan driving 1s driven by the engine 2 (see FIG. 1). A
hydraulic motor 33 for fan driving 1s driven by a pressurized
o1l discharged from the varnable-displacement hydraulic
pump 43 for fan driving. The hydraulic motor 33 for fan
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driving 1s a fixed-displacement hydraulic motor. The
hydraulically driven cooling fan 32 1s driven by the hydrau-
lic motor 33 for fan driving. As a result, the pressurized o1l
discharged from the hydraulic pump 43 for fan driving is
supplied to the hydraulic motor 33 for fan driving, and the
hydraulic motor 33 for fan driving and the hydraulically
driven cooling fan 32 that are connected 1n series therewith
are rotated.

A swash plate 43a of the hydraulic pump 43 for fan
driving 1s drive controlled by a swash plate drive unit 34.
The capacity (cc/rev) of the hydraulic pump 43 for fan
driving 1s regulated by drive control performed by the swash
plate drive unit 34. The swash plate drive unit 34 1s actuated
by an electric control signal. Where an electric control signal
1s applied to the swash plate drive unit 34, the swash plate
43a of the hydraulic pump 43 for fan driving 1s driven 1n
response to the electric control signal, and the displacement
(cc/rev) of the hydraulic pump 43 for fan driving 1s changed.
As a result, the flow rate of pressurized o1l discharged from
the hydraulic pump 43 for fan driving i1s changed, the flow
rate of the pressurized o1l supplied to the hydraulic motor 33
for fan driving 1s changed, and the rotation speed N of the
hydraulically driven cooling fan 32 1s changed.

The engine 2 1s provided with an engine revolution speed
sensor 50 that detects the revolution speed Ne (r/min) of the
engine 2.

An engine cooling water temperature sensor 51 that
detects a temperature (engine cooling water temperature) Ic
(° C.) of the engine cooling water 1s provided 1n the cooling
water passage of the engine 2.

A brake cooling o1l temperature sensor 52 that detects a
temperature (brake cooling o1l temperature) Tb (° C.) of the
brake cooling o1l 1s provided 1n the tank 31 of the rear brake
cooling circuit.

The vehicle 1 1s provided with a vehicle stop detection
means 33 for detecting the stop of the vehicle 1.

The vehicle stop detection means 53 1s constituted, for
example, by the parking switch 20, a vehicle speed sensor
54, and a shift position sensor 35.

The vehicle speed sensor 34 detects a velocity of the
vehicle 1 (vehicle speed) V. The vehicle speed V i1s com-
puted, for example, by detecting an output rotation speed of
the transmission 9.

The shift position sensor 55 detects the operation of the
shift lever 28 to a neutral “Nt” shuft lever position.

In the present embodiment, the vehicle 1 1s determined to
have stopped by a combination of detection signals of the
parking switch 20, vehicle speed sensor 34, and shiit posi-
tion sensor 55.

Examples of determining that the vehicle 1 has stopped
are described below.

(1) First Determination Example

The vehicle 1 1s determined to have stopped when either
of a condition of the parking switch 20 being operated ON
(parking brake actuation) or a condition of the vehicle speed

V being zero or close to zero and the shift lever 28 being in
the neutral position “Nt” 1s fulfilled.

(2) Second Determination Example

The vehicle 1 1s determined to have stopped when any one
of a condition of the parking switch 20 being operated ON
(parking brake actuation), a condition of the vehicle speed V
being zero or close to zero, and a condition of the shift lever
28 being 1n the neutral position “Nt” 1s fulfilled.
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The vehicle 1 may be also determined to have stopped on
the basis of detection signals of any two sensors from among,

the parking switch 20, vehicle speed sensor 54, and shiit
position sensor 55. Furthermore, the vehicle 1 may be also
determined to have stopped on the basis of a detection signal
of any one sensor from among the parking switch 20, vehicle
speed sensor 54, and shift position sensor 33.

The retarder control lever 14 1s provided with a brake
operation amount sensor 56 that detects the operation
amount Sb (retarder control lever displacement) of the
retarder control lever 14.

The controller 60 1s control means constituted, for
example, by a CPU, a ROM, a RAM, and the like. A
detection signal Ne of the engine revolution speed sensor 50,
a detection signal Tc of the engine cooling water temperature
sensor 51, a detection signal Tb of the brake cooling o1l
temperature sensor 32, detection signals of the vehicle stop
detection means 33 (parking switch 20, vehicle speed sensor
54, and shift position sensor 55), and a detection signal Sb
of the brake operation amount sensor 56 are inputted to an
input port of the controller 60.

A control program for executing the below-described
“normal control” and “‘control during brake operation™ 1is
installed in the ROM of the controller 60. The control
program 1s executed 1n the CPU of the controller 60, and an
clectric control signal for drive controlling the swash plate
drive umit 34 1s generated. The generated electric control
signal 1s outputted from an output port of the controller 60
to the swash plate drive unit 34. The electric control signal
value outputted to the swash plate drive unit 34 corresponds
to a target rotation speed of the hydraulically driven cooling,
fan 32. Where the electric control signal 1s applied to the
swash plate drive umit 34, the swash plate 43a of the
hydraulic pump 43 for fan driving 1s driven 1n response to
the electric control signal, and the displacement of the
hydraulic pump 43 for fan driving 1s regulated. As a result,
the flow rate of the pressurized o1l discharged from the
hydraulic pump 43 for fan driving 1s regulated, the flow rate
ol the pressurized o1l supplied to the hydraulic motor 33 for
fan drniving 1s regulated, and the rotation speed N of the
hydraulically driven cooling fan 32 1s regulated to the target
rotation speed.

The controller 60 1includes first target rotation speed
setting means 61, second target rotation speed setting means
62, and rotation speed control means 63.

Control According to the First Embodiment

In the first embodiment, control i1s performed under an
assumption of the above-described device configuration
shown 1n FIG. 4.

The detection signal Ne of the engine revolution speed
sensor 50, detection signal Tc of the engine cooling water
temperature sensor 51, and detection signal Tb of the brake
cooling o1l temperature sensor 52 are mputted to the first
target rotation speed setting means 61 of the controller 60,
and the first target rotation speed N1 of the fan 32 for cooling
1s set. The detection signal Ne of the engine revolution speed
sensor 50 and detection signal Sb of the brake operation
amount sensor 56 are mputted to the second target rotation
speed setting means 62 of the controller 60, and the second
target rotation speed N2 of the fan 32 for cooling is set. The
detection signal Sb of the brake operation amount sensor 56,
detection signals of the vehicle stop detection means 53, set
target rotation speed N1 of the first target rotation speed
setting means 61, and set target rotation speed N2 of the
second target rotation speed setting means 62 are inputted to
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the rotation speed control means 63 of the controller 60, an
clectric control signal for performing the normal control or
an electric control signal for performing the control during
brake operation 1s generated, and the generated electric
control signal 1s outputted to the swash plate drive unit 34.

First, the contents of the “normal control” will be
described.

The normal control 1s a control corresponding to the
above-described conventional art 1. In this control, the target
rotation speed N1 (referred to hereinbelow as the first target
rotation speed) of the hydraulically driven cooling fan 32 1s
determined on the basis of the engine cooling water tem-
perature Tc, brake cooling o1l temperature Th, and engine
revolution speed Ne, and the rotation speed N of the
hydraulically driven cooling fan 32 1s regulated so as to be
equal to the first target rotation speed N1.

The normal control will be explained below with refer-
ence to FIG. 3.

FIG. 5 shows a control map that 1s used to determine the
first target rotation speed N1 of the hydraulically driven
cooling fan 32 on the basis of the engine cooling water
temperature Tc, brake cooling o1l temperature Tb, and
engine revolution speed Ne and also determine the second
target rotation speed N2 of the hydraulically driven cooling
fan 32 on the basis of the brake operation amount Sb.

The revolution of the engine 2 falls within a range from
a low 1dle revolution speed NeL to a high idle revolution
speed NeH. A line LNmax 1s a maximum line indicating the
maximum target rotation speed of the hydraulically driven
cooling fan 32 correspondingly to each engine revolution
speed Ne. A line LNmin 1s a minimum line indicating the
minimum target rotation speed of the hydraulically driven
cooling fan 32 correspondingly to each engine revolution
speed Ne. The target rotation speed of the hydraulically
driven cooling fan 32 varies within a region located between
the maximum line LNmax and minimum line LNmuin.

In the normal control, a target line LN1 1s set within this
region so as to be a line with a higher target rotation speed
as the engine cooling water temperature Tc and brake
cooling o1l temperature Tb rise. When the engine cooling
water temperature Tc and brake cooling o1l temperature Thb
are the lowest temperatures, the minimum line LNmin 1s set
as the line LN1 of the first target rotation speed. When the
engine cooling water temperature Tc and brake cooling o1l
temperature Tb are the highest temperatures, the maximum
line LNmax 1s set as the line LN1 of the first target rotation
speed. When the engine cooling water temperature Tc and
brake cooling o1l temperature Tbh are imntermediate tempera-
tures between the lowest temperatures and highest tempera-
tures, the line LNmid1 located between the minimum line
LNmin and maximum line LNmax 1s set as the line LN1 of
the first target rotation speed. When there 1s a different in
temperature between the engine cooling water temperature
Tc and brake cooling o1l temperature Tb, the line LN1 of the
first target rotation speed i1s set correspondingly to the
highest of the two temperatures. The line LN1 of the first
target rotation speed (for example, the intermediate line
[L.Nmid1) 1s thus determined correspondingly to the engine
cooling water temperature Tc and brake cooling o1l tem-
perature Tb, and the rotation speed N of the hydraulically
driven cooling fan 32 is regulated so as to obtain the first
target rotation speed N1 that corresponds the present engine
revolution speed Nel on the first target rotation speed line
LN1 (LNmad1).

By contrast, the control during brake operation 1s a control
performed on condition that at least the retarder control
brake 14 has been operated. In the control during brake
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operation, a target rotation speed N2 (referred to herein as a
second target rotation speed) of the hydraulically driven
cooling fan 32 1s determined by the brake operation amount
Sb, this second target rotation speed N2 1s compared with the
first target rotation speed N1 determined in the above-
described normal control, and the rotation speed N of the
hydraulically driven cooling fan 32 is regulated to be equal
to the target rotation speed that 1s the highest of the two.

In the control during brake operation, similarly to the
normal control, the target rotation speed of the hydraulically
driven cooling fan 32 varies within a region located between
the maximum line LNmax and minimum line LNmin.

In the control during brake operation, a target line LN2 1s
set within this region so as to be a line with a higher target
rotation speed as the brake operation amount Sb increases.
When the brake operation amount Sb 1s the maximum
operation amount, the maximum line LNmax 1s set as the
line .LN2 of the second target rotation speed. When the brake
operation amount Sb 1s the intermediate operation amount,
an intermediate line LNmid2 located between the minimum
line LNmin and maximum line LNmax 1s set as the line LIN2
of the second target rotation speed. As described herein-
above, the line LN1 (for example, the line LNmid1) of the
first target rotation speed 1s set correspondingly to the engine
cooling water temperature Tc and brake cooling o1l tem-
perature Tb. Accordmgly, the line LN1 (LNmid1) of the first
target rotation speed 1s compared with the line LN2 (LN-
mid2) of the second target rotation speed, and the line with
the higher target rotation speed 1s selected. In a case where
the line LN2 (LNmid2) of the second target rotation speed
1s higher than the line LN1 (LNmidl) of the first target
rotation speed, the rotation speed N of the hydraulically
driven cooling fan 32 1s regulated so as to obtain the target
rotation speed N2 corresponding to the present engine
revolution speed Ne2 on the line LN2 (LNmid2) of the
second target rotation speed.

In the present embodiment, the target line LLN2 1s set so as
to be a line with a higher target rotation speed as the brake
operation amount Sb increases, but the correspondence
relationship of the brake operation amount Sb and target
rotation speed 1s not necessarily a proportional relationship
and may be set at any correspondence relationship. For
example, a correspondence relationship may be such that a
large target rotation speed close to the maximum line
[LNmax 1s obtained even when the brake operation amount
Sb 1s extremely small. Furthermore, the target rotation speed
may be set correspondingly whether the brake has been
operated (ON, OFF). For example, the correspondence rela-
tionship may be such that 1n a case where the operation of
the retarder control lever 14 has been OFF, a small target
rotation speed corresponding to the minimum line LNmin 1s
set, but where the operation of the retarder control lever 14
1s ON, a large target rotation speed on the maximum line
[L.Nmax 1s set.

The contents of control performed by the controller 60
will be explained below with reference also to the flowchart
shown 1n FIG. 6. In the first embodiment, the control during
brake operation 1s performed 1f a condition that the vehicle
speed detection means 53 does not detects that the vehicle 1
stops 1s established, 1n addition to the condition of the
retarder control lever 14 being operated.

First, it 1s determined whether the retarder control lever 14
has been operated, on the basis of the detection signal Sb of
the brake operation amount sensor 56 (step 101). In a case
where the determination result indicates that the retarder
control lever 14 has not been operated (determination NO 1n
step 101), 1t 1s determined that the rear brake 5 has not been
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actuated and that the rear brake 5 cannot be overheated, so
the normal control 1s executed. Thus, the line LN1 (for
example, the intermediate line LNmidl) of the first target
rotation speed 1s set correspondingly to the engine cooling
water temperature Ic and brake cooling o1l temperature Th,
and the rotation speed N of the hydraulically driven cooling
fan 32 1s regulated so as to obtain the first target rotation
speed N1 corresponding to the present engine revolution
speed Nel on the first target rotation speed line LNI1
(LNmid1) (step 103).

In a case where it 1s determined that the retarder control
lever 14 has been operated (determination YES 1n step 101),
the vehicle 1 1s determined (detected) to have stopped on the
basis of the detection signals of the vehicle stop detection
means 33 (parking switch 20, vehicle speed sensor 54, and
shift position sensor 55) (step 102). As a result, 1n a case
where the vehicle 1 1s determined (detected) to have
stopped, (determination YES 1n step 102), because the rear
brake 5 has been actuated while the vehicle 1 1s 1n a stopping
condition, 1t 1s determined that the rear brake 5 cannot be
overheated and the above-described normal control 1is
executed (step 103).

By contrast, in a case where the vehicle 1 1s not deter-
mined (detected) to have stopped (determination NO 1n step
102), because the rear brake 5 has been actuated while the
vehicle 1 was traveling (other than the stopping condition),
it 1s determined that the rear brake 35 can be overheated and
the control during brake operation 1s executed. Thus, the line
LN2 (for example, the line LNmid2) of the second target
rotation speed 1s set correspondingly to the brake operation
amount Sb. The line LN1 (for example, line LNmid1) of the
first target rotation speed 1s set correspondingly to the engine
cooling water temperature Tc and brake cooling o1l tem-
perature Tb. Accordingly, the line LN1 (LNmid1) of the first
target rotation speed i1s compared with the line LN2 (LN-
mid2) of the second target rotation speed, and the line with
the higher target rotation speed 1s selected. In a case where
the line LN2 (LNmid2) of the second target rotation speed
1s higher than the line LN1 (LNmidl) of the first target
rotation speed, the rotation speed N of the hydraulically
driven cooling fan 32 1s regulated so as to obtain the target
rotation speed N2 corresponding to the present engine
revolution speed Ne2 on the line LN2 (LNmid2) of the
second target rotation speed (step 104).

Thus, 1n a case where the retarder control lever 14 1s
operated and the second target rotation speed N2 corre-
sponding to the brake operation amount Sb of the retarder
control brake exceeds the first target rotation speed N1
corresponding to the brake cooling o1l temperature and the
like, 1t 1s determined that the brake cooling capacity will
have to be increased because the cooling oil temperature
rises, and the rotation speed N of the hydraulically driven
cooling fan 32 1s regulated to the second target rotation
speed N2 corresponding to the brake operation amount Sb.

By contrast where the retarder control brake 14 has been
operated, but the second target rotation speed N2 corre-
sponding to the brake operation amount Sb of the retarder
control brake 1s still below the first target rotation speed N1
corresponding to the detected cooling o1l temperature Th
and the like, 1t 1s determined that the cooling o1l temperature
has already rnisen and the brake capacity has sufliciently
increased, and the rotation speed N of the hydraulically
driven cooling fan 32 is regulated to the first target rotation
speed N1 corresponding to the present detected cooling o1l
temperature Tb and the like.

According to the first embodiment, a state in which the
brake cooling capacity has to be increased 1s determined at
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a point of time the retarder control brake 14 1s operated, and
the brake cooling capacity can be increased in advance,
betore the brake cooling o1l temperature Tb actually rises.
Therefore, there 1s practically no time lag between when the
retarder control brake 14 1s operated and when the rotation
speed of the hydraulically driven cooling fan 32 actually
increases and the cooling capacity actually rises. As a resullt,
an event 1 which the cooling o1l 1s overheated can be
avoided and an event 1n which rear brake 5 1s damaged can
be avoided.

Furthermore, because the brake cooling efliciency 1s
increased, 1t 1s possible to reduce the capacity of o1l cooler
30 and hydraulic pump 42 that constitute the cooling circuit
of the rear brake 5. As a result, a compact cooling circuit of
the rear brake 5 can be designed and the degree of freedom
in designing the layout of the brake cooling circuit is
increased.

The above-described first embodiment 1s assumed to be
applied to the vehicle 1 1n which, as shown i FIG. 1, the
power ol engine 2 1s distributed to the travel power train 3
and hydraulic pump 40 (41, 42, 43 . . . ), the drive wheels
12 are actuated via the travel power train 3 and the hydrau-
lically driven cooling fan 32 is actuated via the hydraulic
pump 40 (hydraulic pump 43).

For example, the retarder brake 1s almost exclusively
actuated during downhill movement or deceleration of the
vehicle 1 such as a dump truck. During downhill movement
or deceleration, a drive torque 1s mputted from the drive
wheels 12 to the engine 2 via the travel power train 3 and the
engine 2 1s rotated. Theretfore, the energy used for raising the
rotation speed N of the hydraulically driven cooling fan 32
to the second target rotation speed N2 i1s consumed as the
energy inputted from the drive wheels 12. As a result, energy
elliciency can be increased and fuel consumption i1s not
allected despite the increase 1n cooling capacity of the rear
brake 5 and increase 1n retarder capacity.

Furthermore, in the first embodiment, the vehicle stop
detection means 53 for detecting that the vehicle 1 has
stopped 1s provided; the control during brake operation 1s
performed on condition that the vehicle 1 1s not detected to
have stopped; and the rotation speed N of the hydraulically
driven cooling fan 32 1s controlled so as to obtain the higher
target rotation speed of the first target rotation speed N1 and
second target rotation speed N2.

Most of a state 1n which the oil-cooled rear brake S 1s
overheated and cooling capacity has to be increased occurs
at a time when the vehicle 1 travels, while the rear brake 5
1s actuated. For example, even 11 the brake operation amount
Sb 1s large, but the vehicle 1 1s stopped, the oil-cooled rear
brake 5 will not overheat and no need to increase cooling,
capacity. Furthermore, the operator sometimes operates the
retarder control lever 14, while the vehicle 1 1s stopped.
Conversely, where the control 1s performed 1n this state so
as to increase the rotation speed N of the hydraulically
driven cooling fan 32 to the second target rotation speed N2,
the hydraulically driven cooling fan 32 1s unnecessarlly
driven, resulting in the increased fuel consumption.

In the first embodiment, even 1f the retarder control lever
14 has been operated, 11 the vehicle 1 1s stopped, the normal
control 1s performed without performing the control during
brake operation, and the hydraulically driven cooling fan 32
1s not driven unnecessarily. As a result, the increase 1n fuel
consumption can be inhibited.

Various modifications can be added to the above-de-
scribed first embodiment, and 1t may also be possible to
employ modification examples in which device components
are removed or added.
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In the first embodiment a water-cooled o1l cooler 30 1s
assumed, but an air-cooled o1l cooler that 1s directly cooled
by the hydraulically driven cooling fan 32 may also be
employed.

Furthermore, 1n the first embodiment, the normal control
sets the first target rotation speed N1 correspondingly to the
engine cooling water temperature Tc, brake cooling o1l
temperature Th, and engine revolution speed Ne. However,
it 1s possible to omit sensors for detecting the engine cooling
water temperature Tc and engine rotation speed Ne appro-
priately, if the first target rotation speed N1 is set corre-
spondingly to at least the brake cooling o1l temperature Tb.

In the first embodiment, the control during brake opera-
tion 1s performed if a condition that the vehicle speed
detection means 53 does not detect that the vehicle 1 has
stopped 1s established, 1n addition to the condition that the
retarder control brake 14 has been operated, but the control
during brake operation may be also performed based only on
the condition that the retarder control lever 14 has been
operated. In this case, in the flowchart shown 1n FIG. 6, the
vehicle stop detection (determination) processing ol step
102 1s omaitted and the control during brake operation (step
104) or normal control (step 103) 1s executed correspond-
ingly to whether the retarder control lever 14 has been
operated (step 101).

In the above-described embodiment, the second target
rotation speed N2 corresponding to the present brake opera-
tion amount Sb 1s directly set by the second target rotation
speed setting means 62. However, 1t may also be possible to
find an estimated o1l temperature increase width ATb of the
brake cooling o1l temperature Tb corresponding to the
present brake operation amount Sb and set the second target
rotation speed N2 on the basis of the estimated o1l tempera-
ture increase width An.

FIG. 11 1s a functional block diagram of the controller 60.

The detection signal Ne of the engine revolution speed
sensor 30 and the detection signal Tc of the engine cooling
water temperature sensor 51 are inputted in the first target
rotation speed setting means 61 of the controller 60, and the
first target rotation speed N1 of the fan 32 for cooling 1s set.
Thus, the first target rotation speed N1 corresponding to the
present engine revolution speed N and engine cooling water
temperature Tc 1s set.

The detection signal Ne of the engine revolution speed
sensor 50, detection signal Tb of the brake cooling o1l
temperature sensor 52, and detection signal Sb of the brake
operation amount sensor 36 are iputted 1n the second target
rotation speed setting means 62 of the controller 60, and the
second target rotation speed N2 of the fan 32 for cooling 1s
set. Thus, the estimated o1l temperature increase width ATb
of the brake cooling o1l temperature Tb corresponding to the
present engine revolution speed Ne and, present brake
operation amount Sb 1s computed. Then, an estimated o1l
temperature Th+A'Tb 1s found by adding up the estimated o1l
temperature increase width ATb and present brake cooling
o1l temperature Tb, and the second target rotation speed N2
corresponding to the estimated o1l temperature Th+ATb and
present engine revolution speed Ne 1s set.

The detection signal Sb of the brake operation amount
sensor 56, detection signal of the vehicle stop detection
means 53, set target rotation speed N1 of the first target
rotation speed setting means 61, and set target rotation speed
N2 of the second target rotation speed setting means 62 are
inputted 1 the rotation speed control means 63 of the
controller 60; an electric control signal for performing the
normal control or an electric control signal for performing
the control during brake operation 1s generated; and the
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generated electric control signal 1s outputted to the swash
plate drive unit 34. Thus, 1n a case where the brake has not
been operated or the vehicle has been stopped, the normal
control 1s executed and the rotation speed N of the hydrau-
lically driven cooling fan 32 1s regulated so as to obtain the
first target rotation speed N1. Furthermore, in a case where
the brake has been operated and the vehicle has not been
stopped, the control during brake operation 1s executed and
the rotation speed N of the hydraulically driven cooling fan
32 is regulated so as to obtain the higher target rotation speed
of the first target rotation speed N1 and second target
rotation speed N2.

In the above-described embodiment, the second target
rotation speed N2 corresponding to the present brake opera-
tion amount Sb 1s directly set by the second target rotation
speed setting means 62. However, 1t may also be possible to
find the necessary fan rotation speed increase width AN of
the rotation speed N of the hydraulically driven cooling fan
32 that corresponds to the present brake operation amount
Sb, and set the second target rotation speed N2 on the basis
of the necessary fan rotation speed increase width AN.

FI1G. 12 1s a functional block diagram of the controller 60.

The detection signal Ne of the engine revolution speed
sensor 30 and the detection signal Tc of the engine cooling
water temperature sensor 51 are inputted 1n the first target
rotation speed setting means 61 of the controller 60, and the
first target rotation speed N1 of the fan 32 for cooling 1s set.
Thus, the first target rotation speed N1 corresponding to the
present engine revolution speed Ne and present engine
cooling water temperature Ic 1s set.

The detection signal Ne of the engine revolution speed
sensor 50, detection signal Tb of the brake cooling o1l
temperature sensor 52, and detection signal Sb of the brake
operation amount sensor 36 are inputted 1n the second target
rotation speed setting means 62 of the controller 60, and the
second target rotation speed N2 of the fan 32 for cooling 1s
set. Thus, the necessary fan rotation speed increase width
AN of the rotation speed N of the hydraulically driven
cooling fan 32 that corresponds to the present engine revo-
lution speed Ne and present brake operation amount Sb 1s
computed. Then, a fan target rotation speed Nb correspond-
ing to the present engine revolution speed Ne and present
brake cooling o1l temperature Tb 1s computed. The second
target rotation speed N2 (=Nb+AN) 1s set by adding up the
necessary fan rotation speed increase width AN and fan
target rotation speed Nb.

The detection signal Sb of the brake operation amount
sensor 56, detection signal of the vehicle stop detection
means 353, set target rotation speed N1 of the first target
rotation speed setting means 61, and set target rotation speed
N2 of the second target rotation speed setting means 62 are
inputted 1 the rotation speed control means 63 of the
controller 60; an electric control signal for performing the
normal control or an electric control signal for performing
the control during brake operation 1s generated; and the
generated electric control signal 1s outputted to the swash
plate drive unit 34. Thus, 1n a case where the brake has not
been operated or the vehicle has stopped, the normal control
1s executed and the rotation speed N of the hydraulically
driven cooling fan 32 is regulated so as to obtain the first
target rotation speed N1. Furthermore, 1n a case where the
brake has been operated and the vehicle has not stopped, the
control during brake operation 1s executed and the rotation
speed N of the hydraulically drniven cooling fan 32 1s
regulated so as to obtain the higher target rotation speed of
the first target rotation speed N1 and second target rotation

speed N2.
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In the above-described embodiment, a state 1n which the
brake cooling capacity has to be increased 1s determined and
the control during brake operation 1s performed on the basis
ol operation of the retarder control lever 14.

However, instead of detecting that the brake has been
actually operated, it may also be possible to assume that “the
brake has been operated” by detecting a state in which the
brake operation 1s necessary, namely, a downhill movement,
and perform the control during brake operation.

In this case, an inclination angle detection means for
detecting a descent gradient 0 (an inclination angle of the
vehicle or an inclination angle of the road) 1s used instead of
the “brake operation amount detection means 56.” Further-
more, the second target rotation speed N2 corresponding to
the descent gradient O 1s set instead of the second target
rotation speed N2 corresponding to brake operation amount
Sb. The brake 1s assumed to be operated by a larger
operation amount as the descent gradient O increases.
Accordingly a larger value of the second target rotation
speed N2 1s set.

In the above-described embodiment, the second target
rotation speed N2 1s set uniformly, regardless of whether the
vehicle 1 1s empty or loaded. However, 1t may also be
possible to vary the value of the second target rotation speed
N2 depending on whether the vehicle 1 1s empty or loaded.

For example, the vehicle weight 1s larger in a loaded state
where a load 1s present 1n a vessel of the dump truck than in
a case where the vehicle 1 1s empty and no load 1s present
in the vessel of the dump truck. Since the weight 1s larger,
the amount of heat generated by a brake operation increases
and the increase in the rotation speed of the hydraulically
driven cooling fan 32 has to be larger. Therefore, the second
target rotation speed N2 1s set such that the second target
rotation speed N2 that 1s set 1n a case where the vehicle 1 1s
loaded 1s higher than the second target rotation speed N2 that
1s set 1 a case where the vehicle 1 1s empty. Whether the
vehicle 1 1s empty or loaded can be determined, for example,
on the basis of a detected value of a cylinder internal
pressure sensor provided 1n a suspension cylinder. It may
also be possible to detect the weight of the vehicle 1 and set
the second target rotation speed N2 such that the second
target rotation speed N2 rises with the increase in the value
of the detected weight.

FIG. 13 1s a functional block diagram of the controller 60.

The detection signal Ne of the engine rotation speed
sensor 50, detection signal Tc of the engine cooling water
temperature sensor 51, and detection signal Tb of the brake
cooling o1l temperature sensor 52 are mputted in the first
target rotation speed setting means 61 of the controller 60,
and the first target rotation speed N1 of the cooling fan 32
1s set.

Thus, the first target rotation speed N1 corresponding to
the present engine rotation speed Ne, present engine cooling
water temperature Tc, and present brake cooling o1l tem-
perature Tb 1s set.

The detection signal Ne of the engine rotation speed
sensor 50, detection signal 9 of the inclination angle detec-
tion means 58, and a detection signal of a cylinder internal
pressure sensor 39 are inputted 1n the second target rotation
speed setting means 62 of the controller 60, and the second
target rotation speed N2 of the cooling fan 32 1s set. Thus,
the second target rotation speed N2 corresponding to the
present engine rotation speed Ne, present descent gradient O,
and present vehicle weight (“empty state” or “loaded state™)
1s set. FIG. 14 shows a correspondence relationship between
the descent gradient 0, vehicle weight (“empty state” or
“loaded state™), and second target rotation speed N2. Thus,
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a larger value of the second target rotation speed N2 1s set
when the descent gradient 0 1s larger and also when the
vehicle 1s loaded.

The detection signal 0 of the inclination angle detection
means 38, detection signal of the vehicle stop detection
means 53, set target rotation speed N1 of the first target
rotation speed setting means 61, and set target rotation speed
N2 of the second target rotation speed setting means 62 are
inputted 1 the rotation speed control means 63 of the
controller 60; an electric control signal for performing the
normal control or an electric control signal for performing
the control during brake operation 1s generated; and the
generated electric control signal 1s outputted to the swash
plate drive unit 34. Thus, 1n a case where the vehicle 1 does
not move downhill (no descent gradient), the normal control
1s executed and the rotation speed N of the hydraulically
driven cooling fan 32 is regulated so as to obtain the first
target rotation speed N1. In a case where the vehicle 1 moves
downhill, the control during brake operation 1s executed and
the rotation speed N of the hydraulically driven cooling fan
32 is regulated so as to obtain the higher target rotation speed
of the first target rotation speed N1 and second target
rotation speed N2.

Control According to the Second Embodiment

The second embodiment 1s an embodiment implemented
by using the device configuration shown in FIG. 7 instead of
that shown 1n FIG. 4.

The detection signal Ne of the engine revolution speed
sensor 50, detection signal Tc of the engine cooling water
temperature sensor 51, and detection signal Tb of the brake
cooling o1l temperature sensor 52 are inputted in the first
target rotation speed setting means 61 of the controller 60,
and the first target rotation speed N1 of the fan 32 for cooling
1s set. The detection signal Ne of the engine revolution speed
sensor 50 and the detection signal Sb' of the brake operation
amount sensor 57 are mputted 1n the second target rotation
speed setting means 62 of the controller 60, and the second
target rotation speed N2 of the fan 32 for cooling 1s set. The
detection signal Sb' of the brake operation amount sensor 57,
detection signal of the vehicle stop detection means 53, set
target rotation speed N1 of the first target rotation speed
setting means 61, and set target rotation speed N2 of the
second target rotation speed setting means 62 are inputted 1n
the rotation speed control means 63 of the controller 60; an
clectric control signal for performing a normal control or an
clectric control signal for performing a control during brake
operation 1s generated; and the electric control signal is
outputted to the swash plate drive umt 34.

As shown 1n FIG. 7, 1in the second embodiment, the brake
operation amount sensor 57 that detects the operation
amount Sb' of the pedal 4 for actuating the foot brake is
provided 1nstead of the sensor 36 that detects the operation
amount Sb of the retarder control lever 14; the second target
rotation speed N2 1s set correspondingly to the detection
signal Sb' of the brake operation amount sensor 57; and the
control during brake operation 1s performed. Thus, the
control 1s performed in the same manner as in the {first
embodiment by replacing “the operation amount Sb of the
retarder control lever 14” 1n the description of the first
embodiment with “the operation amount Sb' of the pedal 4”.

The second embodiment can be advantageously applied to
the vehicle 1 1n which the retarder control lever 14 1s not
provided (retarder brake 1s not provided), or in which the
retarder control lever 14 1s provided (retarder brake 1s
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provided) but overheating of the rear brake 5§ that accom-
panies the actuation of the foot brake 1s a more significant

problem.

In the second embodiment, 1t may also be possible to
employ an air-cooled o1l cooler instead of the water-cooled
o1l cooler 30, 1n the same manner as 1n the first embodiment.

In the second embodiment, 1t 1s possible to omit sensors
for detecting the engine cooling water temperature Tc and
engine rotation speed Ne appropnately, if the first target
rotation speed N1 1s set correspondingly to at least the brake
cooling o1l temperature Tb.

In the second embodiment, the control during brake
operation may also be carried out only on the condition that
the pedal 4 has been operated. In this case, 1n the flowchart
shown 1n FIG. 6, the processing of vehicle stop detection
(determination) of step 102 1s omitted and the control during
brake operation (step 104) or normal control (step 103) 1s
executed correspondingly to whether the pedal 4 has been
operated (step 101).

Furthermore, 1n the second embodiment, the control simi-
lar to that explained with reference to FIG. 11, FIG. 12, FIG.
13, and FIG. 14 1n the first embodiment may also be
implemented.

Control According to the Third Embodiment

The third embodiment 1s an embodiment implemented by
using the device configuration shown in FIG. 8 instead of
that shown 1n FIG. 4.

The detection signal Ne of the engine revolution speed
sensor 50, detection signal Tc of the engine cooling water
temperature sensor 51, and detection signal Tb of the brake
cooling o1l temperature sensor 52 are mputted in the first
target rotation speed setting means 61 of the controller 60,
and the first target rotation speed N1 of the fan 32 for cooling
1s set. The detection signal Ne of the engine revolution speed
sensor 30, detection signal Sb of the brake operation amount
sensor 36, and the detection signal Sb' of the brake operation
amount sensor 57 are mputted 1n the second target rotation
speed setting means 62 of the controller 60, and the second
target rotation speed N2 of the fan 32 for cooling 1s set. The
detection signal Sb of the brake operation amount sensor 56,
detection signal Sb' of the brake operation amount sensor 57,
detection signal of the vehicle stop detection means 53, set
target rotation speed N1 of the first target rotation speed
setting means 61, and set target rotation speed N2 of the
second target rotation speed setting means 62 are iputted 1n
the rotation speed control means 63 of the controller 60; an
clectric control signal for performing the normal control or
an electric control signal for performing the control during
brake operation 1s generated; and the generated electric
control signal 1s outputted to the swash plate drive unit 34.

As shown 1n FIG. 8, 1in the third embodiment, the brake
operation amount sensor 57 that detects the operation
amount Sb' of the pedal 4 for actuating the foot brake is
provided 1n addition to the sensor 56 that detects the
operation amount Sb of the retarder control lever 14; the
second target rotation speed N2 1s found correspondingly to
the detection signal Sb of the brake operation amount sensor
56 and detection signal Sb' of the brake operation amount
sensor 57; and the control during brake operation 1s per-
tormed. Thus, the control 1s performed 1n the same manner
as 1n the first embodiment by replacing “the operation
amount Sb of the retarder control lever 14” in the description
of the first embodiment with “the operation amount Sb of the
retarder control lever 14 and the operation amount Sb' of the
pedal 4”. For example, the second, target rotation speed N2
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1s set correspondingly to the higher operation amount of the
operation amount Sb of the retarder control lever 14 and the
operation amount Sb' of the pedal 4. Furthermore, in step
101 shown 1n FIG. 6, 1t 1s determined whether either of the
retarder control lever 14 or pedal 4 has been controlled.

The third embodiment can be advantageously applied to
the vehicle 1 in which not only the overheating of the rear
brake 5 that accompanies the actuation of the retarder brake,
but also the overheating of the rear brake 5 that accompanies
the actuation of the foot brake 1s a problem.

In the third embodiment, 1t may also be possible to
employ an air-cooled o1l cooler instead of the water-cooled
o1l cooler 30, 1n the same manner as 1n the first embodiment.

In the third embodiment, it 1s possible to omit sensors for
detecting the engine cooling water temperature Tc and
engine rotation speed Ne approprately, 1f the first target
rotation speed N1 1s set correspondingly to at least the brake
cooling o1l temperature Tb.

In the third embodiment, the control during brake opera-
tion may also be carried out only on the condition that the
retarder control lever 14 or the pedal 4 has been operated. In
this case, 1n the flowchart shown 1n FIG. 6, the processing,
of vehicle stop detection (determination) of step 102 1is
omitted and the control during brake operation (step 104) or
normal control (step 103) 1s executed correspondingly to
whether or not retarder control lever 14 or the pedal 4 has
been operated (step 101).

Furthermore, 1n the third embodiment, the control similar
to that explained with reterence to FIG. 11, FIG. 12, FIG. 13,
and FIG. 14 1n the first embodiment may also be imple-
mented.

In the above-descried embodiment, the rotation speed N
of the hydraulically driven cooling fan 32 1s regulated by
changing the capacity of the vanable-displacement hydrau-
lic pump 43 for driving a fan, but such a configuration is
merely an example, and any hydraulic circuit for regulating,
the rotation speed N of the hydraulically driven cooling fan
32 may be designed. For example, as shown 1n FIG. 9, 1t may
also be possible to provide an o1l path 38 that bypasses the
pressurized o1l discharged from a fixed-displacement
hydraulic pump 43' for driving a fan to the tank 37, provide
a flow control valve 39 on the bypass o1l path 38, apply an
clectric control signal from the controller 60 to the flow
control valve 39, and actuate the flow control valve 39.
Where the electric control signal 1s applied from the con-
troller 60 to the flow control valve 39, the flow control valve
39 is actuated, and pressurized o1l discharged from the
hydraulic pump 43' for driving a fan is released into the tank
37 via the bypass 01l path 38 correspondingly to the actua-
tion position of the flow control valve 39. As a result, the
flow rate of pressurized oil supplied from the hydraulic
pump 43' for driving a fan to the hydraulic motor 33 for
driving a fan is regulated, and the rotation speed N of the
hydraulically driven cooling fan 32 1s controlled to a target
rotation speed.

In the explanation above, the hydraulically driven cooling
fan 32 1s assumed, but the present invention may also be
applied to a cooling fan driven by a drive source other than
a hydraulic drive source. For example, the present invention
may also be applied to a case where the rotation speed of an
clectric cooling fan 1s controlled.

In the above-described embodiments, by using the control
map shown 1n FIG. 5, the first target rotation speed N1 of the
hydraulically driven cooling fan 32 1s determined and the
second target rotation speed N2 of the hydraulically driven
cooling fan 32 i1s determined. However, the control map
shown 1n FIG. 5 1s merely an example and the present
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invention 1s not limited thereto. For example, the control
map shown 1n FIG. 10 may also be employed.

FIG. 10 shows an example of another control map for
finding the target rotation speed of the hydraulically driven
cooling fan 32 on the basis of the engine revolution speed
Ne, engine cooling water temperature Tc, brake cooling o1l
temperature Th, and brake operation amount Sb. As shown
in FIG. 10, each line represented by a broken line 1s set 1n
advance so that a higher target rotation speed 1s obtained as
the engine revolution speed Ne rises, also as the brake
cooling o1l temperature Tb rises as Tb1, Th2, Tb3 . . ., also
as the engine cooling water temperature 'Ic rises as Icl, Tc2,
Tc3 ..., and as the brake operation amount Sb rises as Sbl,
Sb2, Sb3 . . . . For example, where the fan target rotation

speed 1s denoted by N1, each line 1s set so that the fan target
rotation speed NI rises at a predetermined proportionality
ratio k with respect to the engine revolution speed Ne, and
can be represented by the following formula.

Nf=k-Ne

The coellicient k in the formula above, that 1s, the
inclination of the lines 1s determined by the engine cooling
water temperature Tc¢, brake cooling o1l temperature Tb, and
brake operation amount Sb.

Because the lines shown by broken lines are set intermat-
tently, the lines (shown by solid lines) that are present
between the adjacent broken lines are calculated waith
method of interpolation.

As described above, a line LN1' of the first target rotation
speed N1 and a line LN2' of the second target rotation speed
N2 are found from the control map shown i FIG. 10,
similarly to FIG. 5, and the fan target rotation speed 1s
established on the basis of the higher (line LN2') of these
lines.

In the above-described embodiment, the explanation 1s
conducted under an assumption that the rear brake 5 1is
configured by a wet multiplate disk, but the present inven-
tion may also be applied to a vehicle in which the front brake
13 1s also configured by a wet multiplate disk, 1n addition to
the rear brake 5, and the front brake 13 1s also actuated 1n
addition to the rear brake 5 during the retarder brake
actuation.

Furthermore, 1n the above-described embodiments, the
explanation 1s conducted under an assumption that the oil
cooler 30 1s installed 1inside a lower tank of the radiator 19,
but the o1l cooler 30 may also be installed inside the
circulation circuit for cooling water, separately from the
radiator 19. Furthermore, an air-cooled o1l cooler may be
disposed opposite the cooling fan.

In the above-described embodiments, the control during
brake operation 1s performed on condition that the retarder
control lever 14 has been operated or on condition that either
of the retarder control lever 14 and pedal 4 has been
operated, but the “control during brake operation” may also
be executed unconditionally, regardless of the condition that
the brake operation has been performed. Thus, the “control
during brake operation” may be performed unconditionally,
instead of the “normal control” that 1s conventionally per-
formed unconditionally.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram 1illustrating the configuration of
a travel power train of a vehicle of the embodiment, and the
configuration of a dump truck 1s shown with respect to the
components relating to the present invention.
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FIG. 2 1s a hydraulic circuit diagram illustrating the
configuration of a brake control device of the vehicle of the
embodiment, and the configuration of a dump truck i1s shown
with respect to the components relating to the present
invention.

FI1G. 3 15 a hydraulic circuit diagram 1llustrating a cooling
circuit of a rear brake with respect only to the components
relating to the present invention.

FIG. 4 shows a configuration example of the device for
drive controlling a hydraulically driven cooling fan.

FIG. 5 1s a control map diagram used for setting the first
target rotation speed of the hydraulically driven cooling fan
and setting the second target rotation speed of the hydrau-
lically driven cooling fan.

FIG. 6 1s a flowchart illustrating the control processing
sequence of the embodiment.

FI1G. 7 shows another configuration example of the device
for drive controlling a hydraulically driven cooling fan.

FIG. 8 shows yet another configuration example of the
device for drive controlling a hydraulically driven cooling
fan.

FIG. 9 1s a hydraulic circuit diagram illustrating another
example of hydraulic circuit for regulating the rotation speed
of the hydraulically driven cooling fan.

FIG. 10 shows an example of another control map for
finding the target rotation speed of the hydraulically driven
cooling fan on the basis of the engine revolution speed,
engine cooling water temperature, brake cooling oil tem-
perature, and brake operation amount.

FIG. 11 1s a functional block diagram of the controller.

FIG. 12 1s a functional block diagram of the controller.

FIG. 13 1s a functional block diagram of the controller.

FI1G. 14 shows the correspondence relationship between a
descent gradient, vehicle load (“empty state” or “loaded
state”), and second target rotation speed.

The invention claimed 1s:

1. A control device for a cooling fan 1n a vehicle, 1n which
cooling o1l supplied to an oil-cooled brake 1s cooled by the
cooling fan, the control device comprising:

a sensor that detects a temperature of the cooling o1l;

a lever that operates the oil-cooled brake; and

a controller that includes control logic, which when

executed:

sets a first target rotation speed of the cooling fan, the
first target rotation speed corresponding to the tem-
perature of the cooling o1l;
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sets a second target rotation speed of the cooling fan,
the second target rotation speed corresponding to a
brake operation amount of the lever;

detects whether the lever has been operated and detects
whether the vehicle has stopped;

adjusts a rotation speed of the cooling fan to use the
first target rotation speed, and not the second target
rotation speed, when the controller does not detect
that the lever 1s being operated;

adjusts the rotation speed of the cooling fan to use the
first target rotation speed, and not the second target
rotation speed, when the controller detects that the
lever 1s being operated and the vehicle has stopped;
and

adjusts the rotation speed of the cooling fan so as to
obtain a higher target rotation speed of the first target
rotation speed and the second target rotation speed
when the controller detects that the lever 1s being
operated and the vehicle has not stopped.

2. The control device according to claim 1, wherein the
control device 1s applied to a vehicle 1n which an engine
power 1s distributed to a travel power train and a hydraulic
pump, and in which drive wheels are actuated via the travel
power train, and the cooling fan 1s actuated via the hydraulic
pump.

3. The control device according to claim 1, wherein the
oil-cooled brake i1s a retarder brake.

4. The control device according to claim 1, wherein the
o1l-cooled brake 1s at least one of a retarder brake and a foot
brake.

5. The control device according to claim 1, wherein

the controller calculates an estimated o1l temperature rise

amount of a brake cooling o1l temperature correspond-
ing to a current operation amount of the oil-cooled
brake, and

the controller sets the second target rotation speed based

on the estimated o1l temperature rise amount.
6. The control device according to claim 1, wherein
the controller calculates a necessary fan rotation speed
increase amount of a rotation speed of the cooling fan,

the controller calculates the necessary fan rotation speed
corresponding to a current operation amount of the
o1l-cooled brake, and

the controller sets the second target rotation speed based

on the necessary fan rotation speed increase amount.
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